There have been numerous strength criteria in existence and additional ones are frequently being proposed. In the ASTM's Composite Materials: Testing and Design [ 1 ] , various strength criteria are used or alluded to by nearly one half of all the contributors. Nearly all of them agree with one another with reference to the principal strengths; i.e., those uniaxial and pure shear test data measured along material symmetry axes. Those strengths are the intercepts of the failure surface with the coordinate axes in the stressspace. The disagreements among existing criteria usually occur in the combined-stress state; i.e., in the space away from the coordinate axes of the failure surface. Since reliable experimental data in the combined-stress state are emerging rapidly, it is, therefore, timely to examine the validity and utility of existing strength criteria, and to propose a general theory. BASIC 
ASSUMPTION
The basic assumption of our strength criterion is that there exists a failure surface in the stress-space in the following scalar form:
where the contracted notation is used; and i, j, k = 1, 2, ... 6; Fi and F~, are strength tensors of the second and fourth rank, respectively. Equation ( la ) in expanded or long-hand form is:
The linear term in ui takes into account internal stresses which can describe the difference between positive-and negative-stress induced failures. The quadratic terms Qi oj define an ellipsoid in the stress-space. In our basic assumption in Equation ( Figure 1 are identical and should yield identical failure stresses, then
The number of independent components reduced to 2 and 5 for Fi and F~~, respectively. The number of nonzero components for this transversely isotropic material remain as 3 and 9 as the case of special orthotropy.
By extending the relation of Equations (6) and (7) to the other two orthogonal planes, we obtain for isotropic materials 1 (8) becomes:
The three shear components are also identical and by virtue of Equation (9) where T1 is the first invariant of Fi which will be shown in Table I and Figure  3 of this paper; while the difference on the right-hand side of Equation ( 29b ) is not invariant which can be seen from Table II. Let V and V' be the positive and negative shear strengths of a 45-degree off-axis unidirectional specimen, then analogous to the relations in Equations ( 27 ) Where the range on F12 is imposed by the stability condition of Equation (2) .
The transformation relations of F, and F~, in terms of multiple angles are shown in tabular form below, where angle 9 is shown in Figure 2 . Similar constraint must be imposed on all the remaining interaction or off-diagonal terms of F~,. If the magnitude of F12, for example, exceeds the limits indicated by Equation (2) , the resulting yield surface may become hyperboloidal. The off-axis properties in case of a F12 outside the stable range may have several maxima or minima which do not look like the expected wellbehaved functions. In other cases, the off-axis properties &dquo;blow-up&dquo; at certain angles. This was shown by Ashkenazi [8] when he substituted an unconstrained value for F12 into the theory proposed by Gol'denblat and Kopnov [4] . Thus the initial assumption of Equation (1) in this paper and that employed in Reference 4 must be further constrained by some stability considerations. If experimental data do not agree with the predictions and constraints of our theory, we can modify the initial assumptions, such as a change in the functional form of Equation (1) or the inclusion of higher order terms, but we are not at liberty to relax the stability requirement.
The determination of the value of F12 can be achieved through infinite number of combined-stress states, shown earlier in this paper. The Russian workers [4, 8] suggested the use of off-axis tests, with the 45-degrce specimen Figure 5 . Effect of F12 on the combined-stress test data for graphite-epoxy composite. Figure. as the most popular choice. It is interesting to observe the effect of these 45-degree uniaxial ( U, U' ) and pure shear (V, V'), and hydrostatic (P, P') tests on the value of F12-In Figure 5 , we used the first five data for graphiteepoxy composites listed in Equation ( 42 ) and various values of F12. These values are substituted into Equations (26) through (31) to obtain the curves in Figure 5 for various combined-stress properties U, U', V, V', P and P'. Curves such as U, P Figure 5 are the limits imposed by the stability conditions of Equation (2) . For the remaining part of this paper, we will use a F12 value close to its upper bound, say, + .0008, since the positive shear strength from our experimental measurement of a 45-degree specimen is about 20 ksi. It should be emphasized that Figure 5 is valid for a particular composite with engineering strengths shown in Equation (42) . For other composites, we believe that similar study on the sensitivity of off-axis or other combinedstress tests on F12 should be made before a reasonable value of Fl~ is decided. Figure 6 . Off-axis uniaxial and shear strengths of graphiteepoxy composite. Solid lines represent our theory; dashed lines, the maximum stress theory; and dots, experimental data from tubular specimens [9) .
OFF-AXIS PROPERTIES
If we want to obtain the off-axis uniaxial strengths, we simply use the transformed strength tensors in Equation (16) Although we have not shown the strength prediction based on the maximum strain theory in Figure 6 , it is very similar in nature to the prediction of the maximum stress theory. There will be 6 simultaneous criteria for the case of plane stress. The lowest predicted strength among the 6 relations will govern for each state of combined stresses. The final criterion will consist of segmented curves as those shown in Figure 6 . Each stress or strain criterion is unaffected by the presence or absence of other stress or strain components;
i.e., there is no interaction among the stress or strain components.
From the shapes of the off-axis uniaxial and shear curves in Figure 6 , we should be able to fit available test data very closely. Data points measured directly from graphite-epoxy tubular specimens by Halpin and Wu [9] are shown in the Figure. Without the analytic foundation contained in the initial postulate in Equation (1) , it is very difficult, if not impossible, to deduce the transformation properties associated with the strength of a composite from experimental data like those shown in Figure 6 . [10] , which is an improvement over Hill's [2] by incorporating the effect of internal stresses, has an interaction term so small ( -.00007 ) that it can be treated as zero. This can be seen in Figure 5 
